ATHEROSCLEROTIC CARDIOVASCULAR disease is the most common cause of death among patients with severe renal disease.' In a group of diabetic patients under evaluation for renal transplantation, the major non-renal cause of morbidity and mortality would be ischemic cardiovascular complications. In order to clarify the risks of surgery in those diabetic patients in whom severe coronary artery
SUMMARY Twenty-one insulin-dependent diabetics with azotemic nephropathy were evaluated for renal transplantation by selective coronary angiography and cine left ventriculography. All had hypertension, retinopathy, neuropathy, and required salt restriction plus diuretics for volume overload. There was no clinical or electrocardiographic evidence of ischemic coronary artery disease in twenty.
Ten patients (five males, five females, mean age 29.3 years; mean duration of diabetes 18.9 years; mean serum cholesterol 264 mg%) had no significant coronary artery disease and no ventricular wall motion abnormalities.
Nine patients (seven males, two females; mean age 38.7 years; mean duration of diabetes 21.9 years; mean serum cholesterol 239 mg%) had significant coronary artery disease, seven demonstrating focal abnormalities in left ventricular wall motion.
Two patients (one male, one female; mean age 36.5 years; mean duration of diabetes 28.5 years; mean serum cholesterol 250 mg%) had no significant coronary artery disease, but demonstrated diffusely abnormal left ventricular wall motion with diminished ejection fraction.
Thirty-eight percent had significant coronary artery disease unpredictable by electrocardiographic or clinical data. The finding of no significant coronary artery disease in 52% of a group with severe renalhypertensive complications of diabetes is surprising. Two patients may have a demonstrated cardiomyopathy.
ATHEROSCLEROTIC CARDIOVASCULAR disease is the most common cause of death among patients with severe renal disease.' In a group of diabetic patients under evaluation for renal transplantation, the major non-renal cause of morbidity and mortality would be ischemic cardiovascular complications. In order to clarify the risks of surgery in those diabetic patients in whom severe coronary artery disease might raise serious doubts about the possibility of renal transplantation, a prospective study using cardiac catheterization with angiography was begun. The initial angiographic and hemodynamic results are reported in this paper.
Patients Twenty-one insulin-dependent diabetics with severe renal insufficiency were admitted for evaluation for renal transplantation. Table I lists the background information on these patients, 13 males and eight females with a mean age of 34 years (range 22-48 years) and a mean duration of diabetes of 20.6 years. All had diabetic retinopathy and neuropathy. All were hypertensive and anemic. Sixteen patients had a functioning arteriovenous fistula and eight were on maintenance hemodialysis. The evaluation process followed a strict protocol developed by the Dialysis- concentration of 239 mg% (range 131-481 mg%), and mean serum uric acid concentration of 8.1 mg% (range 5.7-13.8 mg%). In this group with significant coronary artery disease, four patients demonstrated involvement of three major vessels and five patients exhibited two-vessel coronary artery disease. Regional abnormalities of ventricular wall motion were seen on cine left ventriculography in each of seven patients in whom adequate films were obtained. In each instance the ventricular wall motion abnormality corresponded (hypokinesis in four; akinesis in three; akinesis and dyskinesis in one) regionally with a significant coronary arterial occlusive lesion. The anatomic distribution of coronary occlusive findings was similar to those reported for symptomatic nondiabetics. 5 The two patients in group C included one male and one female with a mean age of 36.5 years (range 32-41 years), mean duration of diabetes of 28.5 years (range 26-31 years), mean duration of hypertension of 3 years, mean serum cholesterol concentration of 253 mg% (range 163-338 mg%), and mean serum uric acid concentration of 10.5 mg% (range 10.4-10.6 mg%). These two patients had diffusely abnormal cine left ventriculograms.
Within the three groups there were no statistically significant differences in age, duration of diabetes or hypertension, and serum concentration of cholesterol or uric acid. Mean age of males in group B was 40.1 years (range 36-48 years), compared with 32.5 years (range 27-41 years) in groups A and C. Mean age of females in group B was 28.5 years (range [27] [28] [29] [30] Cardiac catheterization was prospectively begun in this group of 21 consecutive patients. All had had interstitial pulmonary edema, but only one had typical angina pectoris. Given the insensitivity of noninvasive techniques in differentiating the patients with fluid overload from those with true myocardial ischemia in the setting of known accelerated atherosclerotic vascular disease, coronary angiography was used to assess long-term survival and to clarify the risks of surgery in those patients in whom asymptomatic coronary artery disease might raise serious doubts as to the wisdom of transplantation.6
While this study was prospective and consecutive, the incidence of coronary artery disease in the study is subject to several selection biases, limiting its validity within other populations of patients with diabetes, azotemia or hypertension. In the context of proposed renal transplantation among diabetic patients, general restrictions have included age limitations; prior cardiac, cerebrovascular or peripheral vascular events; proven susceptibility to urinary tract or skin infections; and major psychiatric disorders. In contrast, only minor restrictions are associated with blindness due to diabetic retinopathy, paralysis due to diabetic neuropathy and weakness due to diabetic gastroenteropathy. The results do not apply to the general group of diabetics,7 including adult-onset hyperglycemic patients whose disease does not necessarily parallel the juvenile-onset group. Nevertheless, since the patients studied represented a group in whom the risks of renal transplantation were being seriously considered, this kind of study does have some practical applicability within the population of insulindependent diabetics with severe renal insufficiency.8 It is not surprising that patients with myocardial dysfunction had only mildly depressed ejection fractions, since marked clinical cardiac disease would have excluded patients from consideration for renal transplantation.
Insulin-dependent diabetics followed prospectively tend to fall into two groups.7 The first group develops severe renal insufficiency with hypertension within 20 years of diabetes.8 About 10% of these patients suffer a major cardiac or cerebrovascular event before the requirement for chronic dialysis or renal transplantation. The patients in our present study fall into this general category in terms of duration of diabetes, age of onset, etc. Yet, 43% had severe coronary artery disease.9 A high incidence of myocardial infarction would be expected after transplantation surgery with high-dose glucocorticoid immunosuppression"' or during the course of maintenance dialysis with ultrafiltration-induced hypotension.1" A second group, surviving 30-40 years of insulin-dependent diabetes, suffers a majority of the cardiac and cerebrovascular events found among diabetics before the onset of severe renal insufficiency.7 Seventy-five percent of this second group die of major vessel disease." Data concerning patients in the present study would not apply to this second group.
Diabetics not only have an increased number of ischemic attacks, but also enhanced susceptibility to congestive heart failure,13 myocardial rupture14 and death" after documented myocardial infarction. Our study found the two-year survival post-myocardial infarction to be greater than 70% among nondiabetics, compared with less than 50% among diabetics.'6 A recent study documented more coronary artery disease in diabetics who underwent coronary arteriography after chest pain than in a similar group of nondiabetics.17 For these reasons, we investigated for asymptomatic coronary artery disease before undertaking renal transplantation from living donors. However, in view of the unreliability of noninvasive cardiac tests,6 9 it was necessary to use coronary angiography as a means of assessing expected longterm survival given "normal" renal function.
Although Framingham and other studies have shown a reversal of the usual coronary artery disease sex distribution statistics with a significantly increased prevalence for premenopausal insulin-dependent women,'8 the present small series showed a male preponderance of coronary artery disease similar to that in the general population. Other risk factors for the development of coronary artery disease may be difficult to analyze in these azotemic patients since hypertension, hyperlipidemia, and hyperuricemia may be secondary to underlying renal disease. Although accelerated atherosclerosis has been associated with maintenance hemodialysis,'9 it is not known whether normalization of renal function with allograft transplantation will modify the progression of coronary 20 artery disease.
Ventriculography was enlightening in several in-stances in which diffuse hypokinesis was found in the absence of significant coronary artery disease, suggesting the diagnosis of myocardiopathy. Based on autopsy studies, there is pathologic and histochemical data for intimal infiltration of small myocardial arterioles. The initial process appears to be interstitial deposition of glycoprotein-like material (PAS positive) in a periarterial location with localized fibrosis which may form a dense collagen network, destroying myofibers.2' 26 Biochemical analysis of cardiac muscle in these patients revealed increased triglyceride and cholesterol concentrations without changes in phospholipid.27' 28 The pathogenesis of the myocardial dysfunction in these complex patients is not known at this time and may well be multifactorial. The impact of myocardial dysfunction on the longterm survival of diabetics after renal transplantation has not been studied. Reversibility of myocardial dysfunction has been reported after control of underlying cause, i.e., ethanol,29 volume overload, hypertension and uremia. 30 We do not know if renal transplantation will also be shown to reverse myocardial dysfunction and change prognosis. Several previous studies have attempted to relate the stress of specific hemodynamic factors, including surgical arteriovenous fistula, anemia, azotemia, hypertension, and dialysis-induced fluid shifts to increased demands for cardiac work.31-3' However, since none of these studies included coronary angiography, it has not been possible to correlate hemodynamic data with coronary arterial supply. The present study is the first to do so.
The results showed no reliability of noninvasive clinical or laboratory methods in detecting severe coronary artery disease among asymptomatic diabetic patients with severe renal insufficiency despite multiple hemodynamic factors producing increased cardiac output. Since these patients may be expected to be undergoing renal transplantation or maintenance hemodialysis, this baseline information will be of value in subsequent follow-up evaluation.35 Radiographic contrast studies in the azotemic diabetic carry a high risk of precipitating further renal failure.36 Therefore, the risks involved in these studies should be weighed against the possibility of obtaining useful information.632. Neff MS, Kim KE, Persoff M, Onesti G, Swartz C:
Hemodynamics of uremic anemia. ADVANCES IN BIOMEDICAL ENGINEERING have resulted in a progressive increase in the number and complexity of hospital electrical monitoring devices. These devices are particularly available in specialized centers, such as intensive care and cardiac catheterization units. Such devices are important in the provision of health care, but have brought about an increased danger of accidental electrocution. This hazard has received attention in the past few years, but the incidence of electrical complications in hospitals remains a very controversial issue. Such electrocutions may be far more common than realized,1 2 because proof of such incidents is very difficult to obtain. However, incidents of ventricular fibrillation and hospital deaths from electrocutions have been documented during cardiac catherization and also in patients with myocardial pacemakers.3" Studies have shown that 60 Hz alternating currents of as little as 80 MA, with typical values below 1 mA, can produce ventricular fibrillation in humans."2-15 Considerable effort has been spent to construct monitoring equipment which draws maximum leakage currents of less than the established safety standard threshold of 10 MA.'9 20 The increasing importance of such safety is immeasurable. One common opportunity for fibrillation with minimum current is provided by intracardiac catheters used during cardioangiographic studies and monitoring. 2 15, 21 Macroshock and Microshock There are two modes of possible electric shock in hospitals. Macroshock is due to externally applied currents and can cause ventricular fibrillation with currents > 100 mA. Hence, direct or commercial alternating power frequencies with 75-120 V are dangerous. All hospital patients may be exposed to such macroshock hazards, just as they would be in their own homes -for example, from a defective electrical appliance.
